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Abstract: Recently, great efforts have been made to develop nanomaterials with bioactive compounds to enhance the 
antimicrobial activity of the NPs to develop the microbial inactivation techniques. Four local bacterial strains gram 
positive and negative bacteria Staphylococcus aureus, Klebsiella pneumonia, Pseudomonous aeruginosa and E. coli 
were used to study the antibacterial activities of TiO znanoparticles alone. The antimicrobial activity of Citrullus 
colocynthis (methanol extract) alone and the combination treatment of on the viability of bacteria The morphological 
characteristics of Tio. NPs was determined via using Scanning electron microscope (SEM).Data showed that particle size 
is 50 nm in diameter with anatase morphology surface. Eighteen compounds were identified in crude alcohol fruit extract 
of C.colocynthis using GC-MS. The major component detected was 2H-1-Benzopyran-2-one, 7-methoxy- (51.57 %). 
Results indicate small inactivation effect were observed using T10.(100mg/ml) NPs alone, the zone of inhibition (IZ) 
(19.3 mm), while a great inactivation effect was observed via using methanol extraction of C.colocynthis (100mg /ml) 
alone with (33 mm) IZ. The combination treatment of 50mg/ml of T10.,NPs and 50 mg/ml of methanol extraction of 
C.colocynthis showed antimicrobial effect against E. coli and S. aureus with (39 mm) IZ using the well agar diffusion 
method. This concentration was located in synergic area of each two above bacteria. Klebsiella pneumonia and 
Pseudomonous aeruginosa were not sensitive to all treatments. 

Keywords: antimicrobial agents; Citrullus colocynthis; combinations; GC/MS; TiO2 nanoparticles. 


INTRODUCTION 

Nanoparticles (NPs) considered as a_ great 
antimicrobials agent. It has been employed to treat a 
wide spectrum of microorganisms [1]. Nanoparticles 
(NPs) greatly enhanced material properties and 
functionality which characterized by their small size 
(less than 100 nm) and large surface area, which confer 
specific physicochemical properties as __ strength, 
electrical, and optical features [2, 3]. Amongst the 
manufactured nanoparticles, TiO, nano-size has 
attracted significant interest of materials scientists and 
physicists and has gained a great importance in several 
technological applications such as photo catalysis, 
sensors, solar cells and memory devices [4]. 


Recent evidences have shown that different size of 
TiO, nanoparticles (100) nm [5], (60 nm) [6], has 
efficient antibacterial effect on pathogenic strain of E. 
coli. Ahmad and Sardar studied the effectTiO, (25 nm) 
using The MICSO value, results showed that200 ug/ml 
has a significant antimicrobial activity for E. coli 
bacteria 


The study of [1] showed that the LC50 of nano TiO, 
(29 nm) was 68.47, 34.43, 1.08, and 29.51 for E. coli, B. 
subtilis, S. aureus, and P. aeruginosa respectively [1]. 


Other study needs to __ photocatalyzeTiO, 
nanoparticles to inhibit bacteria, with the benefits of 
physicochemical stability, nontoxicity, bio- 
compatibility, and low-cost for the nanomaterials [7]. 


Citrullus colocynthis |Family: Cucurbitaceae] is 
perennial herbs usually trailing. Commonly found wild 
in sandy lands at many place in the world such as: 
India, Arabia, West Asia, and Tropical Africa, [8, 9]. 


Various extractions of fruits and seeds of this plant 
have anti-bacterial activity against gram positive and 
negative strain, [10] crude methanolic extract of C.colo 
cyn this demonstrated an active antimicrobial agent 
against Staphylococcus aureus, Bacillus subtilis, 
Proteus vulgaris, Klebsiella pneumoniae, and 
Psendomonas aeruginosa at different concentrations 
(50, 25, 12.5, 6.25) mg/ml. while Streptococcus 
pyogenes and Listeria monocytogenes were sensitive at 
(50, 25, 12.5) mg/ml. Escherichia coli shown sensitivity 
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at (50, 25) mg/ml. Enterococcus spp. and Salmonella 
typhi showed no response [11]. 


Recently, great efforts have been made to develop 
nanomaterials where bioactive compounds §are 
embedded within an inorganic nanostructured matrix 
[12]. Investigations of Maurya and others [13] have 
shown an enhanced the antibacterial activity of T10, by 
pure plant extracts of Bauhinia variegata and 
Tinospora. Cordifolia against E. faecalis and E. coli. 


Because of the resistance microbial to many 
antibiotics, essential interest has been appeared to 
enhance the antibacterial activity. The aim of this study 
is stimulate the antibacterial activity of TiO, NPs by 
using methanol extract of C.colocynthis. 


MATERIAL AND METHODS 
Chemicals 

Dry Titanium dioxides anatase nano-powder was 
purchased from Sigma Aldrich, USA; (CAS number 
637254). The Np specification was: 99.7% trace metal 
basis, particle size 50 nm, surface area: 200—220 m?/ g. 


Characterization of titanium dioxide (TiO,) NPs 

Scanning electron microscope (SEM) was used to 
investigate the morphological specifications such as, 
surface morphology, primary size and shape of nano- 
crystallites of titanium according to [14]. 


Preparation of NPs dispersion 

250 ml screw cup bottle 1g of T10, was dissolved in 
100 ml of D.w. the suspension sterilization and dissolve 
all the particles and sterilized using the autoclave (121 
°C for 15 min). Different concentrations (50, 100, 125, 
250) mg/L of Titanium NPs used in all experiments. 


Plant extractions 

Room temperature dried seeds (50 g) was 
extracted in a Soxhlet extractor with 70% methanol at 
40 °C for 4 h. according to Harborn [15]. 


GC-MS analyses of extract of C. colocynthis 

Shimadzu GC-2010 Plus coupled with Shimadzu 
GCMS-Q2010 Ultra apertures was used to analysis 
plant extract according to method of Abdul Jalill [16]. 
The (NIST mass spectral search program for the 
NIST/EPA/NIH mass spectral library version 2.0 f / 
2008) was used to identify the components by 
comparison the mass spectral data and retention times 
with those for standard compounds and computer 
matching. 


Microorganisms 

Four local bacterial strains were collected from 
research laboratories at Biology department /collage of 
Science Al- Mustansiriyha University: Staphylococcus 
aureus, Klebsiella = pneumonia, Pseudomonous 
aeruginosa and E. coli. Bacterial species were 
refreshing by growing on nutrient broth oxide (13g/L) 


at 37 °C for 24 hours, then loop full of inoculated broth 
were streaking at nutrient agar oxide (28g /I) all petri- 
dishes were incubated at 37 °C for 24 hours. Growth on 
the Petri-dishes kept refrigerated until the day of 
experiments. 


Antibacterial Activity Measurement 

Antibacterial activity was demonstrated by agar 
well diffusion method [17]. All bacterial strains were 
inculcated on the Muller Hinton agar (13 g/ml), using a 
sterile cotton swabs. Wells were punched using a sterile 
poorer 0.5 mm in diameter. 100 MI (50 and 100) mg/ 
ml) of C.colocynthis methanol extraction and T10, NPs 
were added separately to agar wells. The combined 
treatment of (50% C.colocynthis extraction with 
50%Ti0O, NPs (100 mg/ ml)) was tested. The inoculated 
petri-dished were incubated at 37°C for 24 hours. 
Negative control (100 uL) of distill water were tested at 
all experiment. 


The analysis of this method measured by inhibition 
zone (IZ). The inhibition zone considers as a transparent 
hallo surrounded the well on inculcated petri-dished. 
Inhibition zone were measured with a caliper results 
recorded in millimeters. All experiment has run in 
triplicate plates. 


Determination the synergistic effect of T10, NPs and 
C.colocynthis methanol extractin combination treatment 
has done using the method of Bijns dorp and others in 
[18]. A combination index (CI) was calculated from 
drug cytotoxicity. To calculate a CI, the Compusyn 
Computer software, (version 2011), was used for 
calculating: a combination is synergistic, additive, or 
antagonistic. 


RESULT AND DISCUSSION 
GC-MS analyses 

Eighteen compounds were identified in crude 
alcohol fruit extract of C.colocynthis using GC-MS, 
(table 1). The major components detected was 2H-1- 
Benzopyran-2-one, 7-methoxy- (51.57 %).Figure (1) 
showed chromatogram of crude fruit extract of this 
plant. 
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Table 1: aie of alcohol fruit extract of C.colocynthis. 
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Fig 1: Chromatogram of alcohol fruit extract of C.colocynthis by GC-MS 
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Antibacterial Activity 
Effect of TiO, NPs alone 

100 MI of all bacterial strain were treated with 
different concentrations ofTiO, NPs _— suspension 
separately. The results showed a very little to no 
inactivation effect for 50 mg / ml concentration for all 


strains while there were an obvious inactivation effect 
for E. coli (20 mm) and S. aureus showed a less 
inactivation with (15 mm) of zone of inhibition 
respectively (figure 2).All concentrations of NPs alone 
were non active against K. pneumonia and P. 
aeruginosa. 





C 


D 


Fig 2: The effect of TiO, NPs alone (100 and 50) mg/ml on the:(A)E. coli, (B) S. aureus bacteria, (C) Sp. 
Auregenosia, (D) K. pneumonia. 


Effect of C.colocynthis methanol extract alone 

The results showed a very little to no inactivation 
effect for 50 mg/ ml concentration of plant extract 
alone for both strains while, there were an obvious 
inactivation effect for E. coli (33 mm) and S. aureus 


treated with 100 mg/ml Ti02 NPs showed a less 
inactivation with (21mm) of zone of inhibition 
respectively (figure 3). All concentrations of plant 
extract alone were non active against K. pneumonia and 
P. aeruginosa. 





Fig 3: The effect of C. colocynthis extraction alone (100 and 50 mg/ml) on the :( A) S. aureus bacteria, (B) E.coli, (C) 
K. pneumonia. 
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Effect of combination therapy (TiO, NPs _ withC. 
colocynthis Extract) 

Results illustrated a significant antimicrobial 
activity for E. coli (39 mm) S.aureus (27 mm) zone of 
inhibition,(figure 4).While there were no_ bacterial 
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activity against K. pneumonia and P.aeruginosa using 
all concentrations. Figure (4) showed synergistic 
combination points that located in the synergism area in 
each of E. coli and S.aureus. 


m S.aureus 


WE. coli 


combinations 


Fig 4: Antibacterial Activity of; TiO, NPs alone (100mg/ml); plants extract alone (100mgIml) and combined of 
them (TiOQ2 NPs: 50 mg/ml with plants extract: 50mg/ml) on E.coli and S. aureus bacteria. 
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Fig 5: Combination Index Plot. Fa: Effect level; CI: Combination Index. CI < 1, Synergy; CI 1, Additive effect; 
CI > 1, Antagonism. There was one point (50 mg/ml of TiO2 with 50 mg/ml of plant extract) in Synergic area of: 
(A) E.coli; (B) S. aureus. 


Results of this study showed different aspects in 
compatible with the previous studies. Most of these 
results confirmed that TiO, NPs alone (<100nm) has a 
great antibacterial activity against E. coli, and S. 
aureus, hile little to no inactivation towards P. 
aeruginosa and K.peumoniea [1, 5, 6]. 


In addition, many studies of methanol extraction of 
C.colocynthis showed antibacterial activities when it 
used alone against gram positive S. aureus for gram 
negative Escherichia coli, Pseudomonous aeruginosa, 
Klebsiella pneumoniae and Proteus vulgaris) bacteria 
[19], Streptococcus pneumoniae and Proteus mirabilis 
[20]. 


Srivastava [21] confirmed that using 125ug/disc 
concentration of crude extract fruit of this plant alone 
has good antimicrobial growth inhibition against: 
Escherichia coli, Pseudomonas, Proteus mirabilis, 
Klebsiella and Staphylococcus, [21]. crude methanolic 
extract of C.colocynthis was found to be active against 
Staphylococcus aureus, Bacillus subtilis, Proteus 
vulgaris, Klebsiella pneumoniae, and Psendomonas 
aeruginosa at concentrations of (50, 25, 12.5, 6.25) 
mg/ml. while Streptococcus pyogenes and Listeria 
monocytogenes were sensitive at (50, 25, 12.5) mg/ml. 
Escherichia coli shown sensitivity at (50, 25) mg/ml. 
Enterococcus spp. and Salmonella typhi showed no 
response [11]. 
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CONCLUSION 


The results of the current study found that there was 


a small anti-bacterial for the T102 NPs and the crud 
methanol extract of C. colocynthis when it used alone. 
While the combination therapy, of them, showed a 
significant stimulation of the antimicrobial activity of 
TiO2 nanoparticles (NPs) by methanol extract of C. 
colocynthis against two different gram negative and 
gram positive bacteria. Future studies emphasized on 
the combinations therapy using nanomaterials to 
produce a nano-composite of plant extract and TiO, 
creation a great benefit in this felid. 
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